Introduction
According to a report by the Chinese National Stroke Registry (Wang et al., 2011), strokes occurred in more than 7 million Chinese people in 2011, and more than 65% of them were old people. Rising trends have been observed in the morbidity and mortality of stroke, which causes a heavy burden to the national health care system Patients who suffer with a stroke are usually exposed to a high level of perceived stress and are at higher risk of suffering from depression after the stroke, especially in the elderly (also called Post-Stroke Depression, PSD) than the general population and other patients (Robinson and Jorge, 2016). This is due to severity of impairment in activities of daily living, social functioning, and cognitive function (Fonarow et al., 2011) . Some researchers reported that the incidence of PSD in America ranges from 25% to 79% (Fonarow et al., 2009) , and the rate of PSD is elevated at 62.2% in China (He et al., 2010). Depression can be defined as a mental disorder, with persistent sadness, loss of interest in daily living activities, difficulty concentrating, poor memory, loss of appetite, and lack of energy (Guo et al., 2017). In addition, depression and depressive symptoms can impair the older stroke patients' quality of life, and severe depression may lead to more suicide attempts among older stroke patients (Dou et al., system. Therefore, Chinese older stroke patients may be more vulnerable to depression and depressive symptoms compared with those in other diseases groups. According to the results of previous studies Liu et al., 2017) , perceived stress not only exerts a direct effect but also has an indirect effect on depression and depressive symptoms through triggering specific psychological responses. Therefore, in-depth research on both direct and indirect effects of perceived stress on depression and depressive symptoms should be conducted to develop more effective strategies for depression prevention and treatment.
Sense of Coherence (SOC) reflects a person's view of life and capacity to respond to stressful situations (Koelen et al., 2016) . It is a personal way of thinking, being, and acting, with an inner trust, which leads people to identify, benefit, use, and reuse the resources at their disposal (Antonovsky, 1987) . SOC consists of three elements: comprehensibility, manageability, and meaningfulness (Koelen et al., 2016) . Research among older people shows that a strong SOC is related to good perceived health and quality of life (Eriksson and Lindström, 2006) . People with a strong SOC reported fewer symptoms of illness, such as perceived depression, and SOC can also be used as a positive resource for combating depression (Li et al., 2015) . In addition, SOC mediates the relation between perceived stress and depression among the Chinese elderly in urban communities . The potential impact of perceived stress on SOC and the associations between SOC and depression and depressive symptoms have not been examined among Chinese older stroke patients. In addition, whether or not SOC mediates the association between perceived stress and depression and depressive symptoms among Chinese older stroke patients has not been confirmed.
It is important to understand the effect among Chinese older stroke patients on this association in order to effectively prevent and treat depression and depressive symptoms.
In light of the above concern, the present study began with the following hypotheses: hypothesis 1 (H 1 ), perceived stress will be positively and directly related to depression; hypothesis 2 (H 2 ), perceived stress will be negatively and directly related to SOC; hypothesis 3 (H 3 ), SOC will be positively and directly related to depression; and hypothesis 4 (H 4 ), perceived stress will be positively and indirectly related to depression through SOC as a mediator (MacKinnon and Luecken, 2008; MacKinnon and Luecken, 2011; MacKinnon and Pirlott, 2014). (shown in Fig. 1) 
Methods

Design and participants
The study was conducted using a cross-sectional survey among older stroke patients. Inclusion criteria were: (1) ≥60 years old; (2) 
Measurements
The questionnaire included demographic variables such as age, gender, height, weight, body mass index (BMI), spouse status, education status, alcohol drinking habits, smoking habits, hypertension, diabetes, coronary heart disease (CHD) and hyperlipemia status, contact information, and the three previously validated questionnaires SOC, the Perceived Stress Scale (PSS), the Center for Epidemiologic Studies Depression Scale (CES-D) and the Perceived Stress Scale (PSS).
Sense of Coherence Scale
The Sense of Coherence (SOC) scale was developed from interviews with people who had recovered from adverse experiences, consisting of comprehensibility, manageability, and meaningfulness (Antonovsky, 1987) . The original scale comprised of 29 items, but recently the 13-item version has become popular and was utilized (Antonovsky, 1993) . This is a seven-point Likert scale, with item ranges of 1-7 for total scores ranging from 13 to 91. The higher the total score, the stronger the SOC. In the present study, the Cronbach's alpha was 0.924.
Depression symptoms
Depressive symptoms were screened using the Chinese version of the CES-D.
This has been widely used to measure depression in China and is highly reliable and valid (Liu, et al., 2012) . Twenty individual items generate four subscales: depressed affect, positive affect, somatic, and retarded activity and interpersonal problems (Radloff, et al., 1977) . It is a four-point Likert scale. Each item of the CES-D is scored between 0 (rarely or not at all) and 3 (most or all of the time) which describe how often the respondents had each feeling in the past week. The total score ranges from 0 to 60, and higher scores indicate the severity of depression. The respondents are considered depressed if they score a CES-D greater than 16. In the present study, the Cronbach's alpha was 0.886.
Perceived Stress
Perceived stress was measured with the PSS scale which assessed the extent to which respondents feel that their stress is unpredictable, uncontrollable, and overwhelming. The reliability and validity of the PSS has been previously documented in China (Liu et al., 2017; Yang and Huang, 2003) . This instrument consists of 14 items and two subscales: sense of being out of control and feeling of tension. The PSS is a five-point Likert scale, on which every item is scored from 1 (strongly disagree) to 5 (strongly agree), the total score ranges from 14 to 70, and the higher scores indicate a higher level of stress. In the present study, the Cronbach's alpha was 0.832.
Ethics
The study was approved by the Ethical Review Board of the first affiliated Hospital of Zhengzhou University, Zhengzhou, Henan Province, China. All participants were informed about the study and informed consent was obtained before data collection, and the study procedures were in accordance with ethical standards (World Medical Association, 2001).
Data collection
A cross-sectional survey was conducted in Henan Province (population 95 million), China, during July 2016-July 2017. First, one city was randomly selected in each region (eastern, western, southern, northern and central) of Henan, one hospital was randomly selected from several hospitals where the beds are greater than 500 in each city. Then in the capital city two hospitals were selected from several hospitals where the beds are greater than 2500. In total, six large general hospitals were selected from five cities.
The investigators were uniformly trained and a one-to-one, face-to-face data collection method was used. A convenience sample of older stroke patients was recruited from Neurology wards from each hospital, and 3000 older stroke patients took part in the survey, with 2907 individuals completing the study (response rate: 96.90%).
Data analysis
Data analysis was performed with SPSS version 21.0 (IBM Corporation, Armonk, NY, USA), AMOS22.0 (IBM Corporation, Armonk, NY, USA) and Microsoft Excel, 2003. P＜0.05 was regarded as the difference is statistical significance.
Descriptive statistics for demographic variables, perceived stress, sense of coherence, and depression scores were presented using frequencies, percentages, means, and standard deviations.
Pearson's rank correlation coefficients were used to examine the relationship among the perceived stress, sense of coherence, and depression dimensions. 
Results
The sample
Of the 2907 older stroke patients, the ages ranged from 60 to 89, with a mean age of 68.64±6.83 years, and the mean body mass index was 20.53±3.71kg/m 2 . Table 1 provides further characteristics of the participants.
Description of the three scales
The mean score of PSS, SOC and CES-D were 29.62±8.73, 74.47±8.59 and 13.60±4.04, respectively. In addition, the minimum, maximum and mean score of each scale and their subscales are shown in Table 2 .
Pearson's rank Correlation Analyses
The results of the Pearson's rank Correlation Analyses indicated that: there was a negative correlation between the total score of the sense of coherence and the total score of the perceived stress (r= -0.80, P＜0.01), and was all also a negative correlation between the subscales score of SOC and the subscales score of PSS (r= -0.65 to -0.57, P＜0.01); there was a negative correlation between the total score of the sense of coherence and the total score of the depression (r= -0.77, P＜0.01), and was also a negative correlation between the subscales score of SOC and the subscales score of CES-D (r= -0.56 to -0.34, P＜0.01); there was a positive correlation between the total score of the perceived stress and the total score of depression (r= 0.82，P＜0.01), and were a positive correlations between the subscales score of PSS and the subscales score of CES-D (r= 0.42 to 0.66, P＜0.01). See Table 3 .
Multiple Regression Analyses
With depression as the dependent variable and demographic variables as the controlled variables, the perceived stress and sense of coherence dimensions were taken as principal predictors by a thrice repeated multiple linear regression analysis. Table 4 , Model 1 (F= 61.829, P<0.01, adjusted R 2 = 0.033) accounted for a significant portion of the variance in depression. This indicated that these demographic variables could explain 7.7% of the variation in depression, and age, gender and spouse states were significant predictors.
As shown in
When perceived stress dimensions as independent variable was added in Model 2 (F= 1004.612, P<0.01, adjusted R 2 = 0.674) on the basis of Model 1, these independent variables jointly accounted for 67.4% variation of depression, 59.7% of which was explained by these additional variables. Significant predictors of these variables entered in Model 2 were spouse status, sense of being out of control and feeling of tension. Age and gender were no longer a significant predictor, Table 4 .
With sense of coherence dimensions added in Model 3 (F= 813.285, P<0.01, adjusted R 2 = 0.716), the influence of perceived stress on depression declined from 0.469 to 0.309 in the sense of being out of control dimension (decreased by16.0%) and from 0.416 to 0.293 in the feeling of tension dimension (decreased by12.3%), see Table 4 ; and the multiple linear regression accounted for 71.6% variance of depression, a total of 4.2% of which was explained by these additional variables (Table 4) .
Structural Equation Model Confirmed Analyses
To confirm the significance of the direct, indirect, and total effects in a mediation model, the standardized structural equation modeling including three latent variables is shown in Fig. 2 , and the modified goodness-of-fit indexes showed the mediation model fitted the data well in Table 5 .
The structural equation modeling explained 18% of the variance in sense of coherence index and 83% of the variance in depression according to the estimated squared multiple correlations of two endogenous latent variables. The two factor-loading parameters (0.82-0.84) in the perceived stress matrix, the three factor-loading parameters (0.85-0.90) in the sense of coherence matrix and the four factor-loading parameters (0.28-0.53) in depression matrix all reached significance (P < 0.01). Through path analysis, the path coefficient of direct effect of perceived stress on depressive symptoms was 0.73, after sense of coherence added, the path coefficient of perceived stress on the depressive symptoms decreased from 0.73 to 0.130 (-0.42× -0.31).
The standardized direct, indirect, and total effect of perceived stress and sense of coherence on depression is presented in Table 6 . The results demonstrated that perceived stress had a significant direct effect on depression (H 1 ) and sense of coherence (H 2 ). Meanwhile, sense of coherence had a significant direct effect on depression (H 3 ). The bootstrapped 95% confidence interval (CI) confirmed that the indirect effect of sense of coherence in the relationship between perceived stress, and depression was significant (H 4 ). This also indicated that 15.5% (0.134/0.866) of the total effect on depression was produced by sense of coherence as a partial mediator.
Discussion
The frequency of older stroke patients with risk of depression was 30.2% in the present study, which was similar to previous research showing the prevalence of post-stroke depression varying from 5% to 54% (Kouwenhoven, et In the present study, age, gender and spouse status were significant predictors of depressive symptoms in Model 1; however, age and gender became no longer significant in Model 2, and spouse status became no longer significant in Model 3. This indicated that these variables may exert effect on depression via perceived stress or sense of coherence among older stroke patients. van der Waerden (2014) also reported that perceived stress mediated the relationship between low socioeconomic status and depressive symptoms. The present study also found that although education status was no significant predictor in Model 1 or Model 2, it became significant in Model 3. This revealed that education exerts effect on depression combined with sense of coherence.
In terms of the correlation between perceived stress, sense of coherence and depression among older stroke patients, all dimensions of perceived stress were proved to be negatively and significantly associated with sense of coherence. All dimensions of sense of coherence were verified to be negatively and significantly associated with depression; and all dimensions of perceived stress were significantly and positively associated with depression. Thus, the greater perceived stress, the more risk of depression; the greater sense of coherence, the less risk of depression, which was consistent with Beam et al.(2017) and Li et al. (2015) .
Results of Model 2 showed that two dimensions (sense of being out of control and feeling of tension) of perceived stress had a significant impact on depression under the control of demographic variables. Previous two studies on older adults conducted by Tsai et al (Tsai et al., 2015 ) Liu et al (2017) have also shown that perceived stress may bring forth even higher risk for depression by eroding their sense of personal control and self-worth, which is similar to the present study. After the sense of coherence dimensions were included in Model 3, 4.2% of the explanation of independent variables on depression was increased, moreover, however, the influence of sense of being out of control on depression was decreased by 16.0% and feeling of tension was decreased by 12.3%. Thus, we inferred that perceived stress would pose an indirect effect on depression through manageability, comprehensibility and meaningfulness of sense of coherence, and faced with the same pressures, individuals with high levels of sense of coherence were less likely to have depression.
Further, structural equation modeling was employed to verify the hypothetical relationship, which is shown in Fig. 4 . According to the goodness-of-fit indexes, the structural equation modeling analysis of the effect of perceived stress on depression with sense of coherence as a mediator indicated that the data entirely supports the theoretical model. Moreover, Table 6 confirmed that perceived stress had a positive and indirect effect on depression through sense of coherence.
All results confirmed that perceived stress has a direct effect on sense of coherence and that a high level of perceived stress negatively impacts sense of coherence, and the poorer sense of coherence, thereby increasing the possibility of depression, which was consistent with Neuman 's systems model theory. Neuman (Neuman, and Fawcett, 2002) state that when stressors act on the body, the flexible line of defense plays a protective buffer role, once the defense line is damaged, the body will produce a stress reaction, and negative stress may lead to emotional problems, such as anxiety and depression. The sense of coherence is similar to the flexible line of defense, therefore perceived stress can cause depression by destroying the sense of coherence.
In the face of unchangeable pressure, individuals can have a good buffer and coordination with a higher level of sense of coherence. Antonovsky (1987) hypothetically claimed that SOC is a rather stable quality of an individual after 30 years of age, however, some new researchers (Sagy and Antonovsky, 2000;   Vastamäki et al., 2009; Yamazaki et al., 2011; Kähönen et al., 2012) present interesting results indicating that SOC is more dynamic than formerly believed and empirical evidence reveals that SOC may be improved due to a mode of therapy.
Therefore, relevant interventions should be implemented to enhance the sense of coherence and withstand the occurrence and destroy perceived stress. We can intervene in patients after stroke according to three aspects of sense of coherence: (1) Comprehensibility refers to the stimuli deriving from one's internal and external environments in the course of living are structured, predictable, ordered, clear, and explicable; (2) Manageability is to the extent that resources are at their disposal and are adequate to meet the demands posed by the stimuli; (3) Meaningfulness refers to the extent to which a person feels that these demands are challenges that are worthy of investment and engagement (Antonovsky, 1987; Antonovsky, 1993; Pretty et al., Würtz et al., 2015) . According to these three aspects, we can intervene in older stroke patients as following:(1) Teach and help patients to understand the risk factors, the pathogenesis and the treatment of stroke, and persuade them to know the event in terms of cognition and emotion, and accept it; (2) Prompt them to make full use of surrounding resources and take active measures to deal with the difficulties brought on by stroke, and encourage their friends and relatives to participate in the management of the disease, make them believe that the disease can be prevented, treated and controlled; (3) Actively support and guide their medication use and rehabilitation exercises, and help them to understand that positive coping and controlled stress from stroke is valuable and meaningful to health and life.
2014;
This study has some limitations: (1) the participants were limited to Henan province, although there is a good representation, however it still does not represent the situation in other regions, therefore a larger and more diverse sample is required for further study; (2) the study only carried out the exploration of the preliminary theory about the mediating effect of sense of coherence, but did not put forward more specific interventions for older stroke patients on strengthening the sense of coherence, hence, future studies should develop a more thorough and particular intervention index system on strengthening the sense of coherence; (3) this study found that sense of coherence only partially mediates the association between perceived stress and depression, concluding that other factors can be acted as mediators. Therefore, future studies should examine additional mediators to provide a wide perspective on the complex relationship between perceived stress and depression among the older stroke patients.
Conclusion
Sense of Coherence is the mediating variable between perceived stress and depression. Sense of Coherence may cause the negative influence that perceived stress has on depression. Actively exploring interventions to improve sense of coherence and promote the construction and development of the intervention index system will not only help healthcare staff to offer health education to old stroke patients, but also help old stroke patients themselves to maintain physical and mental health, thereby help to reduce the occurrence of the depression of old stroke patients. 
